Recently Noheda et al. studied the well-known solid solution Pb(Ti 1Ϫx Zr x )O 3 ͑PZT͒ piezoelectric ceramic using high-resolution synchrotron x-ray data. 1, 2 They showed that the tetragonal phase (F T ) of PZT for xϭ0.500 and 0.520 transforms to a monoclinic Cm phase (F M HT ) at 200 and 250 K, respectively. Ragini et al. 3 presented evidence based on electron-diffraction data for yet another low-temperature phase transition from the monoclinic Cm phase to another monoclinic phase (F M LT ) in which the c parameter is doubled. Superlattice reflections characteristic of c parameter doubling are seen in the electron-diffraction data but were not discernible in the synchrotron x-ray diffraction data of Noheda et The Cc space-group has only one Wyckoff site symmetry 4͑a͒ with general coordinates. The unit cell consists of four molecules of Pb(Zr 0.52 Ti 0.48 )O 3 , and the asymmetric unit of the structure consists of five atoms: one Pb at 0.00, 0.75, 0.00, one Zr/Ti at 0.25ϩ␦x Ti Thus out of the 15 positional coordinates for the asymmetric unit, only seven are independent and were considered for refinement. The refinement converged smoothly within a few cycles with reasonably good R factors. Subsequently, we removed the constraints and refined all 12 positional coordinates independently as allowed by the space-group Cc, but no significant improvement resulted. The weighted R factor decreased only marginally from 8.64 for the constrained model to a value of 8.55 for the unconstrained refinement.
Also the refined parameters were found to be identical within their respective estimated standard deviations. This indirectly validates the model proposed by Ranjan et al. Table I ,(a,a,b); and P1,(a,b,c) . Some of these subgroup structures are the phases represented in Fig. 1 of Noheda et al. 2 . The Cm(F M LT ) structure of PZT corresponds to the polarization direction (a,a,b) with components of equal magnitude along x and y and a different magnitude along z.
Antiphase tilting of oxygen octahedra transforms under Pm3 m as the components of the R 4 ϩ IR. 5, 9, 10 Using ISOTROPY to couple the ⌫ 4 Ϫ and R 4 ϩ IR's, we obtain three possible antiphase tilt systems that can combine with the Cm ferroelectric structure: This space-group is consistent with the group theoretical treatment for the antiphase tilting of oxygen octahedra in the Pm3 m paraelectric phase. We have presented the results of Rietveld refinement of the F M LT phase for the correct spacegroup Cc using powder neutron-diffraction data.
